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INTRODUCTION 

The use of molten metal  h a l i d e s  Of t h e  Lewis ac id  type  f o r  t h e  hydrocracking of 
c o a l  and coal  e x t r a c t  was e x t e n s i v e l y  i n v e s t i g a t e d  by Consol Research i n  the  pe r iod  
1964-1967 under a r e sea rch  c o n t r a c t  with t h e  O f f i c e  of Coal Research. A complete 
d e s c r i p t i o n  of t h e  work is a v a i l a b l e  i n  r e p o r t s  t o  t h e  O C R . ( ' j 2 )  
dea l ing  with some of t h i s  work have a l s o  been p r e s e n t e d . ( 3 )  

Summary papers  

The above work concen t r a t ed  m o s t  of i ts a t t e n t i o n  on t h e  use of ZnC1, a s  t h e  
molten h a l i d e  and on t h e  use  of bituminous c o a l  e x t r a c t  a s  f eed  t o  t h e  p rocess .  Hydro- 
c rack ing  of t h e  e x t r a c t ( ' )  and r egene ra t ion  by a f luidized-bed combustion technique of 
t h e  s p e n t  c a t a l y s t  m e l t ( ' )  from t h e  process  were both demonstrated i n  continuous 
bench-scale u n i t s .  

A s u b s t a n t i a l  program was a l s o  p rev ious ly  conducted i n  batch autoclave: CJII t h e  
d i r e c t  hydrocracking of bituminous c o a l ( ' )  w i th  z i n c  ch lo r ide  melts ,  but  no work was 
done i n  e i t h e r  batch or cont inuous u n i t s  on r egene ra t ion  of spent melts from d i r e c t  
hydrocracking of c o a l .  

Other  workers have a l s o  examined d i r e c t  hydrocracking of coal with molten metal  
h a l i d e  c a t a l y s t s .  A l a r g e  number of metal  h a l i d e  c a t a l y s t s ,  f o r  example, were exa- 
mined f o r  t he  d i r e c t  hydrocracking of bituminous coa l  ( I l l i n o i s  No. 6)  by Wald(4) and 
co-workers and by Riovsky.( ' )  However, l i t t l e  or no data  a r e  a v a i l a b l e  e i t h e r  on t h e  
d i r e c t  hydrocracking of lower rank c o a l s  w i th  ZnC1, c a t a l y s t  or on t h e  regenerat ion 
of spen t  melts from such an o p e r a t i o n .  A l a r g e  number of d i f f e r e n t  coa l s  ranging i n  
rank from l i g n i t e  t o  bituminous have more r e c e n t l y  been t e s t e d  in  unpublished work a t  
Consol Research. Almost a l l  c o a l s  t e s t e d  responded wel l  t o  t h e  Z i C :  hydmc:Ihcking 
t echn ique .  

The present  paper p r e s e n t s  ba t ch  autoclave d a t a  on t h e  d i r e c t  h y d r o c r a c ~ i n g  of a 
s i n g l e  subbituminous c o a l  only from t h e  Powder River basin of Southeastern hiontana. 
Comparative da t a  were a l s o  ob ta ined  with t h e  P i t t s b u r g h  Seam bituminous coa l  t h a t  was 
used i n  the previous work.('.' Data on t h e  r egene ra t ion  of s imulated spent  melts irom 
such an operat ion a r e  a l s o  g iven  i n  a cont inuous bench-scale,  f luidized-bed combustion 
u n i t .  

EnER I hIE NTAL 

A.  ZnC1, Hydrocracking - Batch Autoclave Work 

A l l  t e s t s  were made i n  a 316 s t a i n l e s s  s t e e l ,  300 m l  rocking autoclave.  The 
equipment, the product w o r h p ,  a n a l y t i c a l  and c a l c u l a t i o n a l  procedures employed a r e  
a l l  i d e n t i c a l  t o  t hose  p rev ious ly  desc r ibed . (  '1 
was used i n  each run by monitoring it with a pal ladium-si lver  a l l o y  probe wi th in  t h e  
au toc lave .  The s e n s i t i v i t y  of t h e  probe response was increased a s  compared with 
p r i o r  w o r k  by h e a t  t r e a t i n g  a t  llOOOF f o r  fou r  hours be fo re  use .  Subbituminous c o a l  
from t h e  C o l s t r i p  Mine i n  Sou theas t e rn  Montana was used i n  t h i s  work. I t s  a n a l y s i s  
i s  g i v e n  i n  Table I .  The r e s idence  t ime a t  temperature  was 60 minutes i n  a l l  t h e  
runs r epor t ed  h e r e .  

A constant  hydrogen p a r t i a l  p re s su re  
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! B.  Regeneration by Flu id  Bed Combustion 

i 
I 

1. PreDara t ion  of Feedstock 

1 During t h e  hydrocracking process ,  t h e  ZnC1, c a t a l y s t  becomes contaminated 
with Z n S ,  ZnCl,-NH, and ZnCl,.NH,Cl t h a t  a r e  formed by the  ZnC1, c a t a l y s t  p a r t i a l l y  
r e a c t i n g  with t h e  s u l f u r  and n i t rogen  l i b e r a t e d  from t h e  f eed  i n  t h e  hydrocracking 
s t ep :  I 

ZnC1, + H,S - ZnS + 2 HC1 

ZnC1, + xNH, - ZnCl,*xNH, 

ZnCl,yNH, + yHCl  + ZnCl,yNH,Cl 

The p ropor t ions  of ZnCl,xNH, and ZnCl,yNH,Cl depend on t he  r a t i o  of n i t rogen  and 
s u l f u r  i n  t h e  f eed .  In add i t ion  t o  t h e s e  inorganic  compounds, t h e  c a t a l y s t  l eav ing  
t h e  hydrocracker a l s o  conta ins  r e s i d u a l  carbon t h a t  cannot be d i s t i l l e d  out  of t h e  
m e l t .  In t h e  case  of d i r e c t  coa l  hydrocracking, t he  c a t a l y s t  a l s o  con ta ins  t h e  coa l  
a sh .  

I 

I 

The m e l t  used i n  t h i s  work was prepared  from t h e  r e s idue  of hydrogen-donor 
e x t r a c t i o n  of C o l s t r i p  coa l  with t e t r a l i n  so lven t  i n  such a way a s  t o  s imula te  the  
composition of an a c t u a l  spent  m e l t .  The e x t r a c t i o n  was conducted i n  t h e  continuous 
bench-scale u n i t  p rev ious ly  descr ibed( , )  a t  775OF and 50 minutes r e s idence  t i m e .  
r e s idue  used was t h e  so lven t - f r ee  underflow from continuous s e t t l i n g ( 6 )  of t h e  
e x t r a c t o r  e f f l u e n t .  The r e s idue  was then  precarbonized to 1250°F i n  a muffle furnace .  
The me l t s  were blended t o  s imula te  t h e  composition of a spent  m e l t  from t h e  d i r e c t  
hydrocracking of t h e  C o l s t r i p  c o a l  by b lending  toge the r  i n  a m e l t  p o t  ZnC12, ZnS, 
NH,C1, NH, and t h e  carbonized r e s i d u e  in appropr i a t e  p ropor t ions .  Analys is  of t he  
feed  melt used i n  t h i s  work is g iven  i n  Table 11. 

The 

2. EaUiDment and Procedure 

F igure  1 is  a diagram of t h e  continuous,  2-7/8" I D  f l u i d i z e d  bed combustion 
u n i t  t h a t  was used. The melt i s  f e d  v i a  syr inge  f eede r s  and is  dropped from a remote 
d r i p  t i p  i n t o  a ba tch  bed of f l u i d i z e d  s o l i d s  t h a t  i s  f l u i d i z e d  by feed  a i r  t h a t  
e n t e r s  a t  t h e  apex of t he  r e a c t o r  cone. The carbon, n i t rogen  and s u l f u r  a r e  burned 
ou t  i n  t h e  f l u i d i z e d  bed and t h e  ZnC1, is vapor ized .  The gas ,  ZnC1, vapor and e l u -  
t r i a t e d  s o l i d s  leav ing  the  r e a c t o r  pas s  through t h e  cyclone where t h e  s o l i d s  a r e  
c o l l e c t e d .  The cyclone underflow s o l i d s  de r ive  s o l e l y  from t he  m e l t  s i n c e  t h e  s i z i n g  
of t h e  bed s o l i d s  i s  such t h a t  t h e r e  is e s s e n t i a l l y  no e l u t r i a t i o n  of t h i s  m a t e r i a l .  
The s o l i d s  c o l l e c t e d  at  t h e  cyclone then  inc lude  coa l  ash ,  z i n c  oxide formed by 
hydro lys i s  of z inc  ch lo r ide ,  and any unburned carbon or z i n c  s u l f i d e .  The gas  then  
passes  t o  t h e  condenser where ZnC1, i s  condensed ou t ,  then  t o  t h e  e l e c t r o s t a t i c  
p r e c i p i t a t o r  t o  remove ZnC1, fog  and then  t o  sampling and metering. 

The a n a l y t i c a l  methods and c a l c u l a t i o n a l  procedures a r e  s u b s t a n t i a l l y  t h e  same 
as those  prev ious ly  described. 

RESULTS A? DISCUSSION 

Hydrocracking 

A s e r i e s  of experiments were c a r r i e d  out  a t  a r e l a t i v e l y  low tempera ture  and 
hydrogen p a r t i a l  p re s su re  of 358'C and 103 atms, r e spec t ive ly .  Comparison runs were 
c a r r i e d  out with t h e  P i t t s b u r g h  Seam c o a l  from t h e  I r e l and  Mine used i n  t h e  prev ious  
work. Se lec t ed  r e s u l t s  a r e  g iven  i n  Table 11. 
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The previous w o r k  w i t h  bituminous coa l  a t  t hese  mild cond i t ions  was c a r r i e d  
ou t  without  a hydrocarbon v e h i c l e .  These da t a  a r e  reproduced i n  t h e  last column 
of Tab le  11. 

Attempts t o  run  with t h e  subbituminous c o a l  a t  t h e  above mild cond i t ions  with- 
ou t  a vehicle  were not  success fu l  due t o  a formation of a high v i s c o s i t y  mix which 
made temperature c o n t r o l  ve ry  poor and y i e l d e d  e r r a t i c  r e s u l t s .  

Methylnaphthalene was t h e n  used a s  a vehicle ,  but  even i n  t h i s  ca se  very poor 
r e s u l t s  were ob ta ined ,  i . e . ,  conversion t o  MEK so lub le s  and d i s t i l l a t e  products  was 
very low. Resu l t s  of t h i s  run a r e  n o t  reported s i n c e  they  a r e  obscured by extensive 
c rack ing  of t h e  s o l v e n t .  

The use of t e t r a l i n  as  a hydrogen-donor so lven t ,  however, gave a very good 
conversion t o  MEK s o l u b l e  p roduc t s  a s  shown i n  Table 11. In t h i s  ca se ,  a l s o  some 
c rack ing  of t h e  s o l v e n t  occurred,  but t h e  hydrogen consumption and gaseous products  
a r e  c a l c u l a t e d  n e g l e c t i n g  any c o n t r i b u t i o n  made t o  these  q u a n t i t i e s  by hydrogena- 
t i o n  and cracking of t h e  t e t r a l i n .  - 

The a d d i t i o n  of a hydrogen-donor so lven t  t o  t h e  subbituminous c o a l  a t  these 
mild cond i t ions ,  appea r  t o  be r equ i r ed  t o  a s s i s t  i n  mel t ing of t h e  c o a l  t o  permit 
access  of t h e  molten h a l i d e  c a t a l y s t .  

The highly f l u i d  P i t t s b u r g h  Seam c o a l ,  on t h e  o t h e r  hand, does not  r e q u i r e  
a d d i t i o n  of a v e h i c l e  as t h e  da t a  of Table I 1  show. As a matter of f a c t ,  s u p e r i o r  
r e s u l t s  were ob ta ined  i n  the  absence of a veh ic l e  although t h e  d i f f e r e n c e  may be 
due t o  t h e  f a c t  t h a t  i n  one  case  a ciaaheri coa l  was used, i . e . ,  ttle poorer results 
wi th  t h e  veh ic l e  may r e f l e c t  some adverse e f f e c t  of t h e  mineral  ma t t e r  on t he  hydro- 
c rack ing  process .  Also, a somewhat lower ca t a lys t / coa l  f e e d  r a t i o  was used i n  t h e  
run without  a v e h i c l e .  

Operation a t  t h e s e  mi ld  cond i t ions  a r e  of i n t e r e s t  where t h e  o b j e c t i v e  is t o  
produce low-sulfur f u e l  o i l  i n  major amounts as a co-product with gaso l ine .  Pre-  
vious w o r k  has shown t h a t  65-80$ of t h e  MEK so lub le s  may be  recovered from t h e  
spen t  m e l t  by e x t r a c t i o n  w i t h  a f r a c t i o n  of t he  d i s t i l l a t e  o i l  product .  The da ta  
of Tab le  I\’, i n t e r e s t i n g l y  enough, show t h a t  t h e  h E K  s o l u b l e  o i l  con ta ins  l e s s  t h a n  
0 . 2  w t  $ s u l f u r  even  when t h e  high s u l f u r  P i t t sbu rgh  Seam c o a l  is used a s  feedstock.  

The t o t a l  l i q u i d  y i e l d ,  i . e . ,  C, through MEK so lub le  hydrocarbons a t  t hese  mild 
cond i t ions  is almost a s  h igh  with t h e  subbituminous coa l ,  i . e . ,  74.4 w t  $ of t h e  MAF 
coa l  a s  w i t h  t h e  bi tuminous coal ,  i . e . ,  75.5 and 76.7 w t  $ of t h e  MAF c o a l  with and 
without t h e  use  of a v e h i c l e ,  r e s p e c t i v e l y .  The hydrogen consumption, on t h e  o t h e r  
hand, is s i g n i f i c a n t l y  lower f o r  t h e  subbituminous case.  T h i s  i s  p r i m a r i l y  because 
of t h e  lower g a s  and d i s t i l l a t e  y i e l d s .  
s o l u b l e  o i l  is s i g n i f i c a n t l y  h ighe r  i n  t h e  case  of t h e  subbituminous c o a l .  

The y i e l d  of heavy f u e l  o i l ,  i . e . ,  MEK 

If t h e  t empera tu re  and p res su re  i s  increased,  t hen  a v e h i c l e  i s  no longer neces- 
s a r y  even i n  t h e  c a s e  of t h e  subbituminous c o a l .  A s e r i e s  of experiments were c a r r i e d  
ou t  without  a v e h i c l e  u s i n g  a hydrogen p a r t i a l  p re s su re  of 205 atm and a t  temperatures 
ranging from 370 t o  427°C. 
c o n s t a n t  a t  2.5/1 and 60 minutes ,  r e spec t ive ly ,  i n  t hese  runs.  

The ZnC12/MF f eed  r a t i o  and t h e  r e a c t i o n  t ime were held 

The above s e r i e s  of runs showed t h a t  t w o  optimum temperatures  e x i s t e d .  The f i r s t  
at about 385°C gave a maximum conversion t o  KCK so lub le  and l i g h t e r  products  of about 
95%. 
C, x 200°C d i s t i l l a t e  of abou t  60 w t  $ of t h e  MAF c o a l .  

The second at about 41OoC gave a maximum conversion t o  gaso l ine  expressed a s  
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More d e t a i l e d  r e s u l t s  of two runs ,  each near  t h e  above two optimum temperatures 
a r e  g iven  i n  Table 111. Comparison i s  a l s o  given with r e s u l t s  ob ta ined  with I re land  
Mine coa l  a t  the  lower of t h e  above two tempera tures .  

I t  i s  noted t h a t  t h e  convers ions  and hydrogen consumptions a r e  ve ry  near ly  the  
same for both c o a l s .  The y i e ld '  of hydrocarbon d i s t i l l a t e s  and p a r t i c u l a r l y  gaso l ine  
is about 20% higher  f o r  t h e  bituminous coa l  ca se .  The hydrogen consumption p e r  un i t  
o f  l i q u i d  d i s t i l l a t e  hydrocarbons produced i s  about 15% h ighe r  f o r  t h e  subbituminous 
coal ca se .  The above d i f f e rences  a r e  t o  be a n t i c i p a t e d  and a r e  a r e s u l t  of t he  
h igher  hydrogen and lower oxygen con ten t s  a s  noted i n  Table I of t h e  bitminous coa l .  

The s u l f u r  con ten t  of t h e  MEK so lub le  o i l  is aga in  as noted i n  Table I V  very 
low. 

I 

Regeneration v i a  F l u i d  Bed Combustion 

Table V g ives  t h e  condi t ions  of runs  presented  here  - e s s e n t i a l l y  atmospheric 
p re s su re ,  s u p e r f i c i a l  res idence  t ime of one second, excess  a i r ,  i .e . ,  115% of s t o i c h i -  
ometric,  s i l i c a  bed s o l i d s .  
o p e r a b i l i t y  problems such  as ash  agglomeration o r  d e f l u i d i z a t i o n  of t h e  bed were 
encountered a t  t h e s e  cond i t ions .  

Temperatures of 1800 and 1900°F were i n v e s t i g a t e d .  No 

Table V I  g ives  t h e  d i s t r i b u t i o n  of carbon, s u l f u r  and n i t rogen  i n  t h e  products 
f o r  runs  a t  1800 and 1900'F. One-hundred f i f t e e n  percent  of s t o i c h i o m e t r i c  a i r  was 
used i n  both  runs. The f eed  gas  was pure a i r .  I t  is apparent t h a t  t h e  carbon, 
n i t rogen  and s u l f u r  impur i t i e s  almost completely burned o u t ,  i .e.,  89$ or more burn- 
out was achieved. 
i n  t h e  f eed  m e l t  and 11% or l e s s  of t h e  n i t rogen .  

The e f f l u e n t  melt  con ta ins  l e s s  than  3% of t h e  carbon and s u l f u r  

Table V I 1  shows t h e  d i s t r i b u t i o n  of t o t a l  coa l  ash  a s  w e l l  as t h e  coa l  a sh  
components, s i l i c a  and alumina, i n  t h e  products i n  two runs a t  1800'F. I n  Run 3, 
t he  feed  gas  was 100s a i r  w h i l e  i n  Run 11, t h e  feed  gas  was 94.5% a i r  and 5.5% 
anhydrous H C 1 .  The HC1 was added t o  prevent hydro lys i s  of t h e  ZnC1,. This w i l l  be 
d iscussed  f u r t h e r  l a t e r .  Eighty-nine percent  o r  more of t h e  t o t a l  coa l  ash and 
s i l i c a  and alumina were removed from t h e  melt i n  t he  r egene ra t ion  p rocess .  The 
ashes  were e i t h e r  t r apped  i n  the  bed or c o l l e c t e d  a t  t he  cyc lone .  

TableVII I  shows t h e  d i s t r i b u t i o n  of t h e  ash  components, i r o n ,  calcium, and 
magnesium i n  t h e  products  of t h e  same two runs as  i n  Table V I I .  Again, i t  is 
apparent t h a t  t h e  l a r g e  major i ty  of t h e s e  ash components w e r e  removed from t h e  melt 
and t h a t  they  were e i t h e r  t rapped  i n  t h e  combustor bed s o l i d s  o r  c o l l e c t e d  a t  t h e  
cyclone. 

The d i s t r i b u t i o n  of sodium and potassium is  not g iven  i n  t h e  t a b l e s .  Essent i -  
a l l y  a l l  of t h e  sodium and potassium i n  the  feed  appears i n  t h e  e f f l u e n t  melt .  This 
is  l i k e l y  due t o  t h e  potassium and sodium being converted i n t o  t h e  ch lo r ides  which 
a r e  s u f f i c i e n t l y  v o l a t i l e  t o  be vaporized along with t h e  ZnC1,. This  ch lo r ine  i s  
considered t o  be i r r ecove rab le .  Hence, t h i s  method of r egene ra t ion  is c h i e f l y  use fu l  
with c o a l s  t h a t  have r e l a t i v e l y  low a l k a l i  concen t r a t ions .  

Table I X  shows t h e  d i s t r i b u t i o n  of z inc  and ch lo r ine  among t h e  products  i n  Runs 
3 and 11. The f eed  gas  i n  Run 3 was pure a i r .  
z i n c  was found i n  t h e  bed s o l i d s  and cyclone s o l i d s  as ZnO whi le  90% is i n  t h e  melt 
as ZnCl,. The l a r g e  amount of ZnO is formed by hydro lys i s  of ZnC1, i n  t h e  combustor, 

I n  t h i s  qun, about 10% of t h e  feed 

ZnC1, + H,O = ZnO + 2 H C 1 .  
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Because of t he  hydro lys i s ,  a l a r g e  amount of t h e  c h l o r i n e  i n  the feed melt  i s  found 
i n  t h e  gas  a s  HC1.  For t h e  p r o c e s s  t o  be economically f e a s i b l e ,  ZnC1, would have 
t o  b e  reformed from t h e  ZnO and H C l  p roduc t s .  

To preclude such a s t e p ,  t h e  HC1 can be recycled with t h e  feed a i r  t o  prevent  
h y d r o l y s i s .  
anhydrous H C 1 .  The c h l o r i n e  i n  t h e  f eed  HC1 amounted t o  14.8% of t h e  ch lo r ine  i n  
t h e  ZnC1, feed.  It is appa ren t  t h a t  hydro lys i s  was almost cqnp le t e ly  suppressed 
and t h a t  the Zn i n  t h e  f eed  m e l t  was almost t o t a l l y  converted t o  and recovered a s  
ZnC1,. 

Run 11 was made to  t e s t  t h i s  concept where t h e  feed gas  contained 5.5% 

Before s t a r t i n g  t h i s  work, i t  was f ea red  t h a t  cons ide rab le  ch lo r ine  would be 
lost a s  CaC1, by i n t e r a c t i o n  of t h e  calcium i n  the  coal a sh  with t h e  ZnCl,, bu t  i t  
appea r s  t h a t  e s s e n t i a l l y  no c h l o r i n e  is l o s t  i n  t h i s  manner. I t  w i l l  be noted i n  
both Runs 3 and 11, t h a t  t h e  bed s o l i d s  con ta in  s u b s t a n t i a l l y  no ch lo r ine  whereas 
t h e y  contained a l a r g e  pe rcen tage  of t h e  calcium t h a t  was f e d .  S ince  CaC1, i s  
molten but  nonvo la t i l e  a t  combustion temperature ,  it would be expected t h a t  any 
calcium ch lo r ide  would be r e t a i n e d  i n  t h e  bed s o l i d s .  Since none was, i t  is con- 
c luded t h a t  no calcium c h l o r i d e  was formed. ( I t  a l s o  appears  t h a t  no magnesium 
c h l o r i d e  was formed . ) 

Table X shows some p e r t i n e n t  r e a c t i o n s  i n  t h e  r egene ra t ion  system. We de te r -  
mined t h e  equ i l ib r ium c o n s t a n t  f o r  r e a c t i o n  (3) and obtained PZnClz of 57 torr 
whereas PznClz i n  the combustor was about 120 torr .  Hence, it might be expected 
t h a t  some CaC1, would be formed. I t  is be l i eved  t h a t  t he  reason we d i d n ' t  g e t  CaC1, 
is because of r e a c t i o n s  such a s  (4) and ( 5 )  whose e q u i l i b r i a  a r e  probably f a r  t o  t h e  
r i g h t .  
impure o r e s  by r e a c t i o n  ( 4 )  c a r r i e d  out  a t  about 1650°F. 

Kuxmann and O d e d 7 )  have r epor t ed  recovering z i n c  a s  pure ZnC1, vapor from 

I t  appears t h a t  some FeC1, is formed bu t  no t  i n  t h e  amount t h a t  would be 
expec ted  i f  equ i l ib r ium had been e s t a b l i s h e d  i n  r e a c t i o n  (2). 
t o  (4) and ( 5 )  with FeC1, s u b s t i t u t e d  f o r  CaC1 ,  may be t h e  reason for t h i s .  
case,  t h e  equ i l ib r ium cons tan t  i n d i c a t e s  that t h e  amount of FeC1, t h a t  can be formed 
is  l i m i t e d  t o  1 mol p e r  9 m o l s  of ZnC1,. W e  have unpublished data  t h a t  i n d i c a t e s  
t h a t  FeC1, does not a f f e c t  c a t a l y s t  a c t i v i t y .  

Reactions analagous 
In any 

We bel ieve,  based on t h e  r e s u l t s  j u s t  p re sen ted  a s  w e l l  as o t h e r  r e s u l t s ,  t h a t  
f l u i d  bed combustion p rov ides  a workable p rocess  f o r  r egene ra t ing  ZnC1, from d i r e c t  
hydrogenation of western subbituminous c o a l s .  Other work no t  presented he re  indi-  
cates t h a t  t h e  p rocess  can a l s o  be success fu l ly  app l i ed  t o  m e l t s  from d i r e c t  hydro- 
g e n a t i o n  of e a s t e r n  bituminous c o a l s  a l s o .  The process  i s ,  however, r e s t r i c t e d  t o  
c o a l s  having r e l a t i v e l y  l o w  sodium and potassium con ten t s  so t h a t  economically 
p r o h i b i t i v e  amounts of c h l o r i n e  a r e  not los t  t o  these  a l k a l i  metals .  L ign i t e s  a r e  
t h e  major type of c o a l  t h a t  would be ru l ed  out by t h e  above r e s t r i c t i o n .  
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TABLE I 

Analysis of Feedstocks 

. .  

A. Proximate & Ult imate  

. c o a l s  L 

Cleaned 
Colstrie I r e l and  Mine I r e l and  Mine 

W t  '$ hIF Basis 
V o l a t i l e  h a t t e r  37.3 43.4 
Non Oxidized Ash 9.7 6.4 

Organic (Hydrogen) 
Carbon 
Organic (Ni t rogen)  
Oxygen (by Diff ) 
Organic S u l f u r  
P y r i t i c  S u l f u r  
S u l f a t e  S u l f u r  
ZnC1, 
ZnS 
N H 4 C 1  
wi 

4.4 
68.0 
1.1 
16.1 
0.5 
0.2 
0.04 -- 
-- 

5.3 
76.5 
1.6 
8.3 
1.9 
0.9 
0.0 -- -- 

42.5 
9.1 

5.3 
74.5 
1.1 
7.7 
2.3 
1.7 
0.08 -_ 
-- 
-- 

B. Ash Composition (Oxid ized  & SO, F ree  Basis) -- -- -- p20, 
Si02 43.9 41.0 43.5 
A 1 2 0 3  26.0 20.4 24.6 
Na,O 0.25 0.6 0.5 
K2O 0.15 1.5 1.6 
CaO 17.3 2.8 1.7 
Mgo 6.7 0.7 0.7 
Fe20, 4.7 29.6 22.8 
T10z 1.0 1.1 1.0 

Regenerat i o n  
Feedstock 

"spent" 
Melt 

-- 
1.78 

0.11 
5.03 
0.09 
0.24 
0.04 -- 
-- 

85.34 
2.92 
3.20 
1.25 

0.15 
42.2 
25.3 
0.47 
0.21 
18.7 
7.1 
4. 6 
1.4 

if 



313 

TABLE I1 

Hvdrocrackiw at  "Mild" Conditions 

A. Constant Condi t ions  for A l l  Runs 

Temperature 358OC 
Time a t  Temperature 60 minutes 
T o t a l  Time Above 315OC 
Hz P a r t i a l  P re s su re  During 

70  minutes (approx .  ) 

Hydrocracking 
Coal P a r t i c l e  Size 

B. Var iab le  Condi t ions  and Yie lds  

Coal 

G m s  'Feed/m MF Coal 
ZnC1, 
Solvent 
Solvent Used 

Yie lds .  W t  % MAF Coal 
(C,-C,) Hydrocarbons 
(CO + CO,) Gas 

C, x 400OC D i s t i l l a t e  
(H,O) 

+40O0C MEK Soluble  
+4OO0C MEK Inso lub le  

N,O,S + H to C a t a l y s t  
T o t a l  

H, Consumed, W t  $ MAF Coal 

W t .  % Conversion MAF Coal 
To - 400OC Products  
To - 400OC + MEK Solubles  

103 atm. abs .  
-100 mesh 

Cols t r i D  

2.5 
0 .5  

Te t r a l  i n  

1 .7  
5.5 

12 .3  
27.5 
46.9 
10.5 

1 . 5  
105.9 

5.9 

42.6 
89.5 

I r e l a n d  Mine 

2 .5  
0.5 

T e t r a l i n  

5.1 
0.8 
7 .2  

43.8 
31.3 

' 16 .5  
2.8  

107.5  

7.5 

52.2 
83.5 

Cleaned 
I r e l and  Mine 

2 .0  
0.0 

None 

5 .2  
0.1 
8.7 

56.4 
20.3 
12.8 
3.0 

106.5 

6 .5  

66.9 
87.2 

\ 
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TABLE I11 

Hvdrocrackine a t  "Severe" Conditions 

A .  Constant Conditions for A l l  Runs 

Time a t  Temperature 
T o t a l  Time Above 3 1 5 O C  
ZnCl,/MF Coal Feed Ratio 
H, P a r t i a l  P re s su re  
Coal P a r t i c l e  S ize  

60 minutes 
70 minutes 

2 .5  
205 atm. abs .  

-100 mesh 

B. Y i e l d s  and Conversions.  W t .  $ MAF Coal 

Coal C o l s t r i p  

Temperature, "C 385 

Colst r i p  

413 

I r e l and  Mine 

38 5 

a 4  

'ZH6 3- 
C, x 2Oo'C D i s t i l l a t e  
200 x 400OC D i s t i l l a t e  

+40O0C MEK Solub le  
+40O0C MEK Inso lub le  

co + co, + H,O 
N,O,S  t H t o  C a t a l y s t  

Tot a1 

H, Cor~sumed, W?. M.4F Coal 

W t  . $ Conversion MAF Coal 
To - 40OoC Products 
To - 400OC t h E K  So lub le s  

0 .6  
4 . 8  

55.6 
3.1 

17.1 
5.2 

19 .9  
2.4 

108.7 

1 . 3  
8 .6  

59.0 
1 . 2  
9 .2  
8 .7  

1 9 . 3  
2.2 

109.5 

8.7 9.5 

77.7 82.1 
94.8 91.3 

T o t a l  - 400'C Hydrocarbons 64 .1  70.1 

T o t a l  - 400°C Hvdrocarbons 
H ,  Consumed 

7.4 7.4 

TABLE I V  

Sulfur Content of +4OO0C MEK Soluble O i l  

Coal 

Temperiture, O C  

H, P a r t i a l  P re s su re ,  atm 

Cols t r iD I re land  hIine 

358 385 358 385 
103 205 103 205 

$ S u l f d r  i n  MEK Solubles  0.17 0 . 0 4  0.17 0.18 

0 . 4  
8 . 3  

66.4 
2.2 

13.9 
6 .O 
8.6 
3 . 3  

109 .1  

9 .1  

80 .1  
94 .O 

77 .3  

8 . 5  
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TABLE VI1 

DlSTRlSUTlON OF TOTAL COAL ASH, S i  AI  
AMONG THE PRODUCTS 

RUN NUMBER 3 I I  

T E M P ,  O F  

FEED GAS COMP., MOL %.  
AI R 
ANHYDROUS HCI 

DIST. O F  TOTAL A S H .  Yo 
BED SOLIDS ( t  LOSS) 
CYCLONE SOLIDS 
MELT 

DIST. OF S i  YO 
BED SOLIDS (+ LOSS) 
CYCLONE SOLIDS 
MELT 

DIST. O F  AI ,  Yo 

BED SOLIDS (+LOSS) 
CYCLONE SOLIDS 
MELT 

I800 

I O 0  
- 

19 
70 
I 1  

29 
67 
4 

”> 
6 

1800 

94.5 
5 . 5  

34 
59 
7 

28 
68 
. 4  

31 
64 

5 
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TABLE VI11 

DISTRIBUTION OF Fe Ca Mg 
e AMONG THE PRODUCTS 

RUN NUMBER 3 I f  

TEMP "F 

FEED GAS COMf? . MOL Yo 
AIR 
ANHYDROUS HCI 

DIST. OF F e .  YO 
BED SOLIDS ( t  LOSS) 
CYCLONE SOLIDS 
MELT 

DIST. OF C a .  TO 
BED SOLIDS ( t  LOSS) 
CYCLONE SOLIDS 
M ELT 

DIST. OF Mg, Yo 
BED SOLIDS ( t  LOSS) 
CYCLONE SOLIDS 
MELT 

I800 

I O 0  - 

731 
27 

29 
48 
23 

44 
43 
13 

1800 

94.5 
5.5 

0 
61 
39 

53 
42 
5 

57 
41 
2 
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TABLE IX 

DISTRIBUTION OF ZINC AND CHLORINE . 

IN THE PRODUCTS 

RUN NUMBER 3 l l  

TEMP. "F I800 I800 

FEED GAS COMf?,MOL% 

AIR IO0 94.5 
ANHYDROUS HCI - 5.5 

CI DIST., Yo OF CI IN FEED MELT 

8ED SOLIDS '02 ,o I 
CYCLONE SOLIDS .44 .30 
GAS 9.10 14.50 
MELT ( t  LOSS)  90.40 100.00 

TOTAL 100.00 114.80 

Zn DIST.. % OF Zn IN  FEEDMELT 

. BED SOLIDS 
CYCLONE SOLIDS 
M E L T  ( + L O S S )  

5.5 .4 0 
4.4 .74 
90. I 98.98 
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